ABSTRACT: Eight ruminally and duodenally cannulated beef steers (374 ± 11 kg) were used to evaluate effects of advancing season and grazing treatment (season-long; SL or twice-over rotation; TOR) on dietary composition (Exp. 1 and 2), intake, site and extent of digestion, and microbial efficiency (Exp. 2) of native range. In Exp. 1, six 11-d sample collections were conducted from early June to mid-November 2000 and 2001. In vitro OM disappearance decreased (P ≤ 0.04) for both years and both treatments with advancing season. Dietary N declined (P ≤ 0.07), whereas fiber content increased (P ≤ 0.05) during both years in both treatments, with the exception of NDF (P = 0.55) during yr 2 (YR2) on the TOR, as season advanced. In Exp. 2, three 11-d sample collections were conducted from late July to mid-September 2000 on SL and TOR. Organic matter intake (g/kg of BW) was not altered (P = 0.28) by grazing treatments or advancing season. Total tract OM and apparent ruminal OM digestion were not different (P ≥ 0.12) between treatment and decreased (P ≤ 0.04) with advancing season. Grazing treatment × season interactions (P = 0.06) were present for true ruminal OM digestibility with TOR being greater (P ≤ 0.10) than SL in late August and midSeptember but not late July. Microbial efficiency was greater (P = 0.07; 15.1 vs. 10.8 ± 1.6 g of microbial N/ kg of OM truly fermented) in SL than TOR, respectively. Degradable intake protein (g/d) was less (P = 0.05) in TOR than SL during late July to early August and not affected by treatment in late August or midSeptember. However, undegradable intake protein was unchanged (P ≥ 0.54) between treatment and across season. These data suggest that mixed-grass range forage consumed by cattle after late September is deficient in N, particularly degradable intake protein, and that forage intake may be insufficient to support adequate performance in lactating cows independent of grazing management strategies evaluated. Knowledge of diet quality and forage intake should aid producers in meeting the nutritional needs of livestock grazing these forages.
INTRODUCTION
Ranchers are continually striving to improve economic returns from livestock that are grazing native rangelands. Grazing systems in the Northern Plains have been evaluated in terms of forage quantity, quality, botanical composition, and selectivity (Webb, 1985; Kirby and Webb, 1989; Walker et al., 1989; Hirschfeld et al., 1996) . Rotational grazing systems have improved diet quality (Hirschfeld et al., 1996) and forage consumption at increased stocking rates (O'Sullivan, 1984) when compared with season-long grazing. As forage matures, digestibility and N content decrease, whereas fiber and lignin content increase (Savage and Heller, 1947; Cook, 1972; Johnson et al., 1998) . Nitrogen, especially degradable intake protein (DIP), can be deficient in native range forages consumed by cattle later in the grazing season (Cline et al., 2009) . Supplementation is often practiced to optimize livestock performance and offset forage quality and quantity deficiencies. However, effects of advancing season on forage nutrient quality and basic digestive processes of ruminants must be understood before optimal supplementation can occur (Lardy et al., 2004) . Information concerning seasonal changes in forage nutrient quality, when coupled with estimates of intake and digestibility, provide a foundation for supplementation practices and sound nutritional programs (Johnson et al., 1998) . Consequently, understanding the impacts of advancing season and grazing management on nutrient supply, particularly DIP and undegradable intake protein (UIP) and digestibility, will aid in developing improved supplementation strategies. Therefore, the objectives of this study were to evaluate dietary chemical composition, intake, digestion, and microbial efficiency in steers grazing native range under season-long or twice-over rotational grazing management in western North Dakota.
MATERIALS AND METHODS
Animal and surgical procedures were approved by North Dakota State University Animal Care and Use Committee.
Study Area
Research was conducted approximately 35 km north and 5 km west of Dickinson, ND (N latitude 47°11′43′′, W longitude 102°50′22′′; Cline et al., 2009 ). This area is characterized by a continental climate with warm summers and cold winters. The average annual temperature is 6°C. The average maximum and minimum temperatures are 12 and −1°C, respectively. The growing season ranges from 99 to 142 d (Biondini and Manske, 1996) . Monthly temperatures for 2000 and 2001, as well as the 29-yr average temperatures, can be found in Figure 1 (USDC, NOAA, NCDC, 1971 . The 29-yr average precipitation is 39.4 cm, with 80% falling from April to September. Rainfall during 2000 (YR1) was 50.2 cm. During 2001 (YR2), precipitation was 47.9 cm. Monthly precipitation for 2000 and 2001, as well as the 29-yr average precipitation, are presented in Figure 2 (USDC, NOAA, NCDC, 1971 .
Principal vegetation of the study area is mixed-grass prairie dominated by grasses of medium height (Biondini and Manske, 1996) . Major forage species include western wheatgrass [Pascopyrum smithii (Rydb.) Season, grazing management, and digestion the area (Biondini and Manske, 1996) include sandy, shallow, and silty (USDA Soil Conservation Service, 1982) .
Animals
Eight Angus crossbred steers (374 ± 11 kg; YR1), fitted with ruminal and duodenal cannulas, were used over the course of Exp. 1 and 2. During the study steers had unrestricted access to fresh water and a commercial vitamin-mineral mix [YR1: 19.8% Ca, 10.0% P, 4.8% NaCl, 0.20% Mg, 0.40% K, 0.125% Cu, 0.0026% Se, 0.30% Zn, 770,000 IU/kg of vitamin A, 77,000 IU/ kg of vitamin D 3 , and 255 IU/kg of vitamin E (as-fed basis; Vigortone, Cedar Rapids, IA); and YR2: 11.0% Ca, 12% P, 2.3% Mg, 2.0% K, 1.0% S, 0.0027% Co, 0.27% Cu, 0.0070% I, 0.47% Mn, 0.0035% Se, 0.48% Zn, 1,100,000 IU/kg of vitamin A, 165,000 IU/kg of vitamin D 3 , 1,100 IU/kg of vitamin E, 33.0 mg/kg of thiamine, 1,661 mg/kg of niacin, 572 mg/kg of choline, 165 mg/kg of vitamin B 12 , and 35.2 mg/kg of vitamin K (as-fed basis; Range Master 12:12 Mineral, South Saint Paul, MN)].
Exp. 1. Experiment 1 was conducted during 2000 (YR1) and 2001 (YR2). The season-long (SL) treatment consisted of 2 replications. The average stocking rate was 0.83 ha/animal unit month (AUM). Steers grazed a common native range pasture with cow/calf pairs from June 1 to October 15. The twice-over rotation (TOR) treatment consisted of 2 replications, with 3 pastures in each replication, totaling 6 pastures. Each pasture within a replication was subjected to 45 d of grazing, subdivided into a 15-and 30-d grazing period in YR1 and YR2, with 45 d of rest. Cattle were turned out June 1, and rotation dates were June 15, July 1, July 15, August 15, and September 15, with cattle being removed on October 15. Pastures grazed last in any year were grazed first the following year with the other pastures shifted accordingly. These pastures were stocked with cow/calf pairs at a rate of 0.78 ha/AUM.
Exp. 2. Experiment 2 was conducted during 2000. A single replication of SL and TOR treatments from Exp. 1 was used for Exp. 2. For the SL treatment, 11 cow/calf pairs and 4 cannulated Angus crossbred steers grazed the SL pasture during collection periods. The average stocking rate for these pastures was 0.89 ha/ AUM. For the TOR treatment, 20 cow/calf pairs and 4 cannulated Angus crossbred steers grazed TOR pastures during collection periods. Stocking rates for these pastures were 0.78 ha/AUM.
Sampling Periods
Exp. 1. Steers were subjected to sampling procedures that allowed dietary composition to be determined on both replications of SL and TOR pastures over a 2-yr period. Steers were used in a put-and-take fashion for collecting diet masticate samples. Samples were collected on June 7 and 8 in YR1, and June 4 and 5 in YR2 (E-Jun); June 21 and 22 in YR1, and June 16 and 17 in YR2 (M-Jun); July 6 and 7 in YR1, and July 2 in YR2 (E-Jul); July 20 and 21 in YR1, and July 16 in YR2 (M-Jul); August 21 and 22 in YR1, and August 20 in YR2 (L-Aug); and September 10 and 11 in YR1, and September 17 in YR2 (M-Sep). At dawn on each collection day, 8 cannulated steers were transported from the common holding pasture of similar range and forage type to a SL (n = 4) or TOR pasture (n = 4). Rumens were evacuated, being sure to remove all contents and fluid with the use of a sponge. Digesta was placed in plastic containers for later return to the animal. To decrease the time required for sampling, each steer was placed in a designated site and staked with a 6-m lead tied to a steel post (Hirschfeld et al., 1996; Cline et al., 2009) . Grazing sites were representative of the pasture and chosen based on visual appraisal of plant composition, soil type, and topography. All grazing sites were similar among treatment, replication, period, and year. After grazing for 30 to 60 min, masticate samples were removed. Masticate samples were stored on ice until frozen for later analysis of dietary chemical composition. Evacuated contents were returned to the animals after completion of masticate collection.
Digestibility was determined by in vitro OM disappearance (IVOMD). Masticate forage samples from each animal were used for in vitro determinations. Ruminal fluid used for in vitro procedures was collected from 1 unsupplemented steer that was given ad libitum access to prairie hay. Ruminal fluid was mixed with McDougal's buffer (9.8 g of NaHCO 3 , 3.7 g of Na 2 HPO, 0.57 g of KCl, 0.47 g of NaCl, and 0.12 g of MgSO 4 , and 1 mL of a 4% CaCl 2 solution per liter of distilled water) at a rate of 1:4 (vol:vol) and added to the tubes containing masticate samples. Two test tubes were used per sample. Tubes containing smooth bromegrass were used as standards, and blanks were included. All tubes were incubated at 39°C for 48 h (Tilley and Terry, 1963) . Tubes were then centrifuged at 1,000 × g for 15 min at 40°C, and supernatant removed. Pepsin was added for the remaining 24 h incubation.
Exp. 2. Sampling periods were as follows: July 26 to August 5 (L-Jul), August 23 to September 2 (LAug), and September 12 to 23 (M-Sep). Chromic oxide was dosed into each freely grazing steer (n = 4 per grazing treatment) via the ruminal cannula at 0700 and 1900 h daily beginning on d 1 and continuing through d 10. Chromic oxide (8 ± 0.005 g) was weighed into gelatin capsules and stored until dosed. On d 6 to 10, duodenal and fecal grab samples were taken at 0700, 1100, 1500, and 1900 h daily. Approximately 250 mL of duodenal contents were taken from each steer during each sampling time. Duodenal samples were composited across sampling time within steer and sampling period, and stored frozen for later analysis. Composited duodenal samples were lyophilized (Genesis 25LL, Virtis, Gardiner, NY) and ground in a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA) to pass a 2-mm screen. Fecal samples were dried to a constant weight in a forced-air oven (50°C: Grieve Corporation, Round Lake, IL) and ground in a Wiley mill to pass a 2-mm screen. Fecal samples were then composited by equal DM weight across sampling time within steer and sampling period.
On d 11, ruminal fluid from each animal was collected at 0700 h and was used as inoculum for in vitro digestibility (Tilley and Terry, 1963) . To extract ruminal fluid, total ruminal contents were strained through 4 layers of cheese cloth and placed in individual thermoses to be used for IVOMD. Thermoses (Wide Mouth Food Jars, Thermos LLC, Rolling Meadows, IL) were filled with warm water (approximately 38°C) before traveling to the study site. Water was emptied from the thermoses immediately before ruminal fluid collection. Fluid from each steer was kept separate and transported to ranch headquarters (approximately 1 km) where it was combined with artificial saliva (McDougal's buffer; 9.8 g of NaHCO 3 , 3.7 g of Na 2 HPO, 0.57 g of KCl, 0.47 g of NaCl, and 0.12 g of MgSO 4 , and 1 mL of a 4% CaCl 2 solution per liter of distilled water) at a rate of 1:4 (vol/vol) and used to inoculate 3 diet masticate samples from each steer, 3 smooth brome [Bromus inermis (Leyss.) ssp. inermes var. inermis] standards, and 3 blanks. All in vitro tubes were incubated at 39°C for 48 h (Tilley and Terry, 1963) . After incubation (Incubator 417, Lab-Line Instruments, Melrose Park, IL), all tubes were frozen to stop microbial activity and transported to the North Dakota State University Animal Sciences Nutrition Laboratory, Fargo, for the remaining 24-h pepsin digestion (Cline et al., 2009 ). In addition, on d 11, ruminal evacuations were conducted. Evacuated digesta was thoroughly mixed, and a 2-kg subsample was taken and mixed at a 2:1 ratio (vol/vol) with (3.7% formalin; 0.9% NaCl) and stored for later bacterial isolation and analyses.
Laboratory Analyses
Masticate, duodenal, and fecal samples were analyzed for DM, ash, and CP using (methods 930.15, 942.05, and 990.02, respectively; AOAC 1990) . Neutral detergent fiber and ADF (Goering and Van Soest, 1970) were conducted with nonsequential modifications (Van Soest et al., 1991) . Acid detergent insoluble N and NDIN content of masticate samples was determined as the N remaining in the ADF and NDF residue, respectively. Duodenal and fecal samples were analyzed for Cr content using the spectrophotometric method outlined by Fenton and Fenton (1979) .
Bacterial cells were isolated from ruminal fluid by centrifugation as outlined by Merchen and Satter (1983) . Briefly, feed particles and protozoa in ruminal samples were removed via centrifugation at 500 × g for 20 min at 4°C. The sample was then centrifuged at 30,000 × g for 20 min at 4°C to collect the bacteria from the supernatant. Lyophilized isolated bacterial and duodenal samples were analyzed for purine concentration using the procedure of Zinn and Owens (1986) . Dry matter, ash, and N of bacterial cells were determined using AOAC (1990) methods.
Calculations
Chromic oxide was used to estimate intake, duodenal OM flow, and fecal output. Fecal output and duodenal OM flow were estimated by dividing Cr 2 O 3 concentration in the fecal and duodenal samples by daily Cr 2 O 3 dosed, respectively. Intake was determined by dividing estimated daily fecal OM output by IVOMD (Merchen, 1988) .
Duodenal bacterial N flow was calculated by multiplying the purine content of duodenal samples by the N:purine ratio in isolated bacterial cells. Duodenal flow of nonmicrobial N was calculated by subtracting bacterial N flow from total N flow at the duodenum. Microbial CP synthesis was considered equivalent to duodenal bacterial N flow multiplied by 6.25. Microbial efficiency was calculated by dividing duodenal microbial N flow (g) by the quantity of OM truly fermented (kg) in the rumen. Undegradable intake protein in the forage was calculated by dividing forage CP flow by OM intake. Forage DIP was calculated by subtracting percentage UIP from 100 (Cline et al., 2009 ).
Statistical Analysis
Exp. 1. Data were analyzed utilizing a mixed model with repeated measures (MIXED procedures, SAS Inst. Inc., Cary, NC). Steer was considered the experimental unit. The model included the fixed effects of grazing treatment, replicate, sampling period, and year, as well as treatment × sampling period, year × treatment, and year × treatment × sampling period interactions. Animal was considered a random effect. When significant F-tests (P < 0.10) were detected for sampling period, means were compared using linear, quadratic, and cubic contrasts. When significant grazing treatment × sampling period × year interactions were detected (P < 0.10), simple effect means were reported. Grazing treatment effects were separated using the method of least significant difference.
Exp. 2. Data were analyzed using a mixed model with repeated measures (MIXED procedures of SAS). Steer was considered the experimental unit. The model included fixed effects of grazing treatment, sampling period, and treatment × sampling period interaction, and the random effect was animal. Grazing treatment effects were separated using the method of LSD. When grazing treatment × sampling period interactions were detected (P < 0.10), simple effect means were reported.
RESULTS AND DISCUSSION

Exp. 1: Nutrient Composition
The presence of grazing treatment × sampling period × year interactions (P < 0.10) resulted in simple effect means for grazing treatment and sampling period being presented within year. Differences in OM content of masticate samples were present (P < 0.10) and reflected changing ash content of masticate as the season advanced. During YR1 forage OM did not change in SL (P = 0.25; Table 1 ); however, TOR increased cubically (P = 0.01) as the season advanced. In addition, forage OM content was greater (P ≤ 0.10) on SL compared with TOR during E-Jun and M-Aug. During YR2, forage OM content decreased cubically (P < 0.01) in both SL and TOR across the season. In addition, forage OM content was greater (P ≤ 0.10) for TOR than SL during M-Jul and less (P ≤ 0.10) in M-Aug.
Forage N (% of OM) content declined linearly (P < 0.01) in YR1 and cubically (P ≤ 0.07; Table 1) in YR2 with advancing season for both treatments. However, N content was greater (P ≤ 0.10) throughout the season during YR2 for both treatments compared with YR1. Increased forage N in YR2 may reflect greater precipitation during the grazing season (Figure 2 ). In addition, during YR2, N content was greater (P ≤ 0.10) on SL compared with TOR during E-Jun, M-Jul, and M-Sep. Decreases in N with advancing season were also reported by Johnson et al. (1998) and Cline et al. (2009) for western North Dakota, Olson et al. (1994a) for the Missouri Coteau region of central North Dakota, and Brokaw et al. (2001) for south central Wyoming. Hirschfeld et al. (1996) , using similar methods of sample collection as employed in the present study, found that short duration grazing increased N content compared with SL treatment. Still others have reported that the N composition of selected forages is similar or greater under SL compared with rotational grazing (Hart et al., 1988; Kirby and Webb, 1989; Biondini and Manske, 1996) .
In vitro OM digestibility decreased linearly (P < 0.01; Table 1 ) across season in YR1 and cubically (P = 0.04) in YR2, which is consistent with other studies (Funk et al., 1987b; Olson et al., 1994a; Johnson et al., 1998) . However, YR2 had consistently greater (P < 0.01) digestibilities compared with YR1 at all sampling periods, except M-Sep. Year differences are likely explained by the amount and timing of precipitation. During YR1, TOR and SL treatments were not different (P > 0.10) with the exception of M-Jun. During M-Aug YR2, IVOMD was greater (P < 0.10) on TOR compared with SL. However, during M-Sep, IVOMD was greater (P < 0.01) on SL compared with TOR. Hirschfeld et al. (1996) compared SL and shortduration grazing and found that forage under shortduration grazing had greater digestibility from early June to early October. Possible reasons for differences between Hirschfeld et al. (1996) and the present study may be different types of grazing treatments, different grass species, or weather conditions including amount and frequency of precipitation, but is most likely explained by differences in grazing system and precipitation. The current study location was approximately 260 km west and 65 km north of the study site used by Hirschfeld et al. (1996) , and they used a short-duration grazing system instead of the TOR system used in the present study.
Neutral detergent fiber increased cubically (P = 0.05; Table 2 ) during YR1 across the season on the SL treatment. However, on the TOR treatment, NDF increased quadratically (P = 0.05) during YR1 and was not different (P = 0.55) during YR2, averaging 70.6%. This difference indicates that cellulose content of selected forage did not change greatly with advancing season during YR2 in steers grazing TOR. In addition, NDF content was greater (P ≤ 0.10) during YR1 for both treatments as compared with YR2. These differences in years are likely explained by differing precipitation patterns (both amount and frequency) in relation to plant growth.
Acid detergent fiber increased cubically (P ≤ 0.02) across the season during both years and for both treatments (Table 2) . During YR1, ADF was greater (P ≤ 0.10) on TOR during E-Jun and M-Jun compared with SL. However, ADF was greater (P ≤ 0.10) on SL than TOR during M-Jul. During YR2, ADF was similar between treatments at all periods with the exception of E-Jun when ADF was greater (P ≤ 0.10) on TOR as compared with SL. Increasing fiber content across the growing season has been observed by many researchers (Caton et al., 1993; Johnson et al., 1998; Cline et al., 2009) . In addition, similar responses have been attributed to increased plant maturity by other researchers (Campbell and McCollum, 1988; Gunter et al., 1995) . Normally, advancing maturity is associated with increased cell wall constituents (Van Soest, 1982) . Work done by McCollum et al. (1985) was in New Mexico where summer dormancy is a regular occurrence and is often followed by a fall green-up period in response to precipitation. Therefore, even in their study, decreased digestibility of the plant cell walls coincides with plant maturity. McCollum et al. (1985) reported a decline in NDF of blue grama [Bouteloua gracilis (Willd. ex Kunth) Lag. ex Griffiths] rangeland diets as season advanced from early August (74.9%) to late October (64.9%).
Neutral detergent fiber N (NDIN; % of OM) decreased cubically (P = 0.01; SL) and quadratically (P = 0.01; TOR) during YR1. During YR1, NDIN was greater (P ≤ 0.10) on SL compared with TOR treat- ment during E-Jul and M-Jul (Table 2) . During YR2, NDIN decreased cubically (P < 0.01) for both treatments with all periods having similar (P > 0.10) values with the exception of M-Jul when NDIN was greater (P ≤ 0.10) on the SL compared with TOR treatment. Acid detergent insoluble N increased linearly (P < 0.01) during both years across the season for TOR. The ADIN of SL increased cubically (P = 0.02; YR1) and quadratically (P = 0.01; YR2). During YR1, ADIN content was greater (P ≤ 0.10) in TOR during M-Jun and SL in MJul. Also during YR2, ADIN content was greater (P ≤ 0.10) on the SL treatment than on the TOR treatment in M-Jul; however, TOR had greater ADIN in M-Aug (P < 0.10). Hirschfeld et al. (1996) reported an increase in ADIN with advancing season but saw no differences across season when comparing short-duration to season-long grazing. 
Exp. 2
Masticate Samples. There were no treatment × period interactions (P ≥ 0.32) for N, NDF, ADF, or NDIN content of forage masticate samples for Exp. 2. Therefore, main effects of grazing treatment and advancing season will be reported. Nitrogen content of masticate samples was greater (P = 0.01) for SL than TOR (1.4 vs. 1.2 ± 0.05%; Table 3 ), which may be attributed to greater opportunity for diet selectivity by grazing steers. Levels of N decreased (P = 0.10) across the season. In a 2-yr study, Hirschfeld et al. (1996) observed a greater (P < 0.05) N content with season-long grazing in early summer but a decreased N content in fall compared with short-duration grazing in the first Column means within a grazing period for NDF, ADF, NDIN, and ADIN having different superscripts differ (P ≤ 0.10).
1 SL = season-long grazing management; TOR = twice-over rotation grazing management.
2
Grazing periods were early June (E-Jun), mid-June (M-Jun), early July (E-Jul), mid-July (M-Jul), mid-August (M-Aug), and mid-September (M-Sep). For each grazing period within SL or TOR, n = 4. year. However, the second year, they observed greater N content on short-duration compared with SL pastures, which was attributed to environmental conditions. There were no differences between grazing treatments (P ≥ 0.17) in NDF or ADF content. Neutral detergent fiber content increased (P = 0.09), whereas ADF content did not change (P = 0.20) from L-Jul/E-Aug to M-Sep. Many other researchers have observed increased NDF and ADF contents for various forages with advancing season (Funk et al., 1987b; Bodine et al., 2001; Brokaw et al., 2001 ). Hirschfeld et al. (1996) reported increasing fiber content in short-duration grazing and season-long grazing as the season advanced. In addition, Hirschfeld et al. (1996) reported greater NDF and ADF concentrations on season-long pastures compared with short-duration pastures later in the season. The difference between their study and the current study is most likely due to the abundance of new growth on the short-duration pasture and duration of the study across seasons. Hirschfeld et al. (1996) encompassed a longer time frame (late May to early October) compared with Exp. 2 being reported herein (late July to early September), allowing for greater opportunity to observe seasonal and grazing treatment changes. Fiber concentrations are generally less in young plants than mature plants. Neutral detergent fiber N was greater (P = 0.03) in SL as compared with TOR and increased (P = 0.03) as season advanced. Period × treatment interactions were present (P = 0.04) for ADIN, with ADIN being similar among treatment during L-Jul/EAug and greater (P = 0.01) in SL compared with TOR during M-Sep. Hirschfeld et al. (1996) reported no differences in ADIN content between short-duration and season-long grazing with the exception of fall of yr 2 where SL grazing had a greater ADIN content than short-duration grazing.
Intake and Digestion. Steer BW was similar (P = 0.74; Table 4 ) between SL and TOR. However, BW declined (P = 0.02) with advancing season. Organic matter intake (g/d) was affected by a period × treatment interaction (P = 0.06), which was caused by the greater (P = 0.03) intake of steers on TOR compared with SL in L-Aug. However, when OM intake was expressed as grams per kilogram of BW, no differences were present. Likewise, OM intake (g/kg of BW) was not altered (P = 0.28) by grazing treatment. The relative short time span between measurements in this study likely explains the lack of seasonal differences in this study. When longer time intervals are evaluated within the mixed grass prairie grasslands, forage intake by beef cattle usually declines as season advances from spring through fall (Johnson et al., 1998; Cline et al., 2009) . However, other research in the northern Great Plains has indicated that intake remains constant with advancing season (Adams et al., 1987; Silcox, 1991) . Additionally, Olson et al. (1994a) observed an increase in OM intake per unit of BW with advancing season in south central North Dakota. Organic matter intakes observed in the current experiment were similar to those reported by Cline et al., (2009) in western North Dakota and Gunter et al. (1997) for cattle grazing mid-grass prairie. Hirschfeld et al. (1996) observed greater OM intakes across the season in cattle grazing short-duration pastures compared with SL pastures, with the exception of late summer in the second year of their study when OM intake was similar between treatments.
There was no treatment × period interaction (P = 0.30) for total OM flow to the duodenum. Total OM flow to the duodenum was not different between grazing treatments (P = 0.47) or sampling periods (P = 0.97). Total duodenal OM flow was greater than that reported previously (Cline et al., 2009 ), but similar to Grazing management treatments were twice-over rotation (TOR) and season-long (SL).
Grazing periods were late July to early August (L-Jul-E-Aug), late August (L-Aug), and mid-September (M-Sep). For each grazing period within SL or TOR, n = 4. that observed by Funk et al. (1987a) when steers were grazing blue grama rangelands in New Mexico. Forage OM flow was also not affected by grazing treatment or season (P > 0.36). Duodenal microbial OM flow was affected by a treatment × period interaction (P = 0.05) primarily caused by a greater (P = 0.04) flow of microbial OM in SL compared with TOR in L-Jul/ E-Aug. A period × treatment interaction (P = 0.02) occurred for fecal OM output. Fecal OM output was less in L-Jul/E-Aug (P = 0.02) in TOR compared with SL. Total tract and apparent ruminal OM digestibility tended (P = 0.12) to be greater in TOR compared with SL. In addition, total tract and apparent ruminal OM digestibility decreased (P ≤ 0.04) with advancing season. True ruminal OM digestibility decreased (P = 0.03) with advancing season but was affected (P = 0.06) by a treatment × period interaction. The interaction resulted from true ruminal OM digestibility being numerically greater in L-Jul/E-Aug for SL compared with TOR, whereas TOR had increased digestibility in L-Aug and M-Sep. Small intestinal OM digestibility (% of intake) was not different between treatments (P = 0.44) or sampling periods (P = 0.96). However, values were less than those reported by others (Funk et al., 1987a; Gunter et al., 1990 Gunter et al., , 1997 , suggesting that more ruminal digestion occurred in the present study.
There were no period × treatment interactions (P = 0.17) for N intake (Table 5 ) and no differences among grazing treatments (P = 0.60). However, N intake decreased (P < 0.01) with advancing season. Total N flow to the duodenum was not affected (P = 0.39) by treatment. Duodenal N flow declined (P = 0.01) across the season, likely resulting from a decreased concentration of N in forage OM. Forage N flow relative to total N flow was not altered by grazing treatment or sampling period, averaged 43% of total duodenal N flow, and was within the range (40 to 60% of total N) suggested by Zinn and Owens (1986) for diets of various N contents. Grazing management treatments were twice-over rotation (TOR) and season-long (SL).
Grazing periods were late July to early August (L-Jul-E-Aug), late August (L-Aug), and mid-September (M-Sep). For each grazing period within SL or TOR, n = 4. There was no grazing period × treatment interaction (P = 0.21) for forage N flow. In addition, forage N flow or microbial N flow were not different (P ≥ 0.27) among treatments or grazing periods. Forage N flow was less than that reported by Gunter et al. (1997) , possibly due to decreased N intake in the current study compared with theirs. A period × treatment interaction was observed for fecal N output (P = 0.01), with fecal N output being greater (P < 0.01) on SL than TOR during L-Jul/E-Aug and similar at other time points.
Total tract N digestion had no sampling period × grazing treatment interactions (P = 0.39). However, total tract N digestion decreased (P = 0.01) across the season. Gunter et al. (1997) also found total tract N digestion to decline with advancing season when steers were grazing midgrass prairie. Apparent ruminal N digestion was negative during all periods, indicating substantial N recycling. Calculations do not account for endogenous N secretions, microbial N, or sloughed epithelial cells. If these effects are considered, digestibility estimates should increase (Gunter et al., 1997) . MacRae et al. (1979) suggested that, in addition to N recycled to the rumen through the urea found in the blood and saliva, sloughed epithelial cells or secretions from the tract contribute large amounts to the duodenal N flow. True ruminal N digestion had a sampling period × grazing treatment interaction (P = 0.03), which likely arise from differing N fractions and characteristics of selected forages by grazing steers. True ruminal N digestion was less (P = 0.05) during L-Jul/E-Aug and greater (P = 0.08) during L-Aug in TOR compared with SL. There were no sampling period × grazing treatment interactions (P = 0.37) for small intestinal N digestion and no grazing treatment or seasonal effects observed (P ≥ 0.47).
Microbial Efficiency. Microbial biomass synthesized in the rumen passes to the small intestine and is a major source of protein for the host animal (Wilkerson et al., 1993) . There was no sampling period × grazing treatment interaction (Table 5 ; P = 0.60) for microbial efficiency. Microbial efficiency was not influenced (P = 0.22) by sampling period in this study mainly because changes in forage maturity in L-Jul/E- Grazing management treatments were twice-over rotation (TOR) and season-long (SL).
Grazing periods were late July to early August (L-Jul-E-Aug), late August (L-Aug), and mid-September (M-Sep). For each grazing period within SL or TOR, n = 4.
Aug to M-Sep were not great enough to provide differences. Microbial efficiency was greater (P = 0.07) for SL than TOR. Grazing treatment effects on microbial efficiency were not expected, because OM or N digestibility was not different between treatments. However, slight, nonstatistical differences in microbial N production and OM truly fermented within the rumen were enough to result in treatment differences in microbial efficiency. Microbial efficiency was somewhat less than values reported by Funk et al. (1987a) , who reported the greatest microbial efficiency in early summer (14.8 g of microbial N per kg of OM truly fermented). Likewise, Gunter et al. (1997) (Olson et al., 1994b; Cline et al., 2009) .
Protein Supply. Generally, DIP is considered to be limiting in low-quality forage (Köster et al., 1996) . The data in the current study support this concept. Therefore, DIP could be limiting in grazing situations during summer dormancy and late in the grazing season. When DIP is deficient, there is decreased forage intake and flow of nutrients to the small intestine (Hannah et al., 1991; Lintzenich et al., 1995) . Degradable intake protein plays a critical role in enhancing the use of low-quality forages and because protein supplementation can be costly, it is important to identify actual amounts of DIP supply in free-ranging animals. This information when coupled with in vivo estimates of di- Grazing management treatments were twice-over rotation (TOR) and season-long (SL).
Grazing periods were late July to early August (L-Jul-E-Aug), late August (L-Aug), and mid-September (M-Sep). For each grazing period within SL or TOR, n = 4. gestible OM intake and duodenal protein flow will assist in determining critical windows for strategic DIP supplementation to achieve livestock production goals from rangelands.
In this study, forage CP concentrations were greater (P ≤ 0.01) in SL compared with TOR (Table 6 ). There was a sampling period × grazing treatment interaction for DIP (% of OM) (P = 0.09). Season-long grazing provided more (P = 0.02) DIP (% of OM) compared with TOR in L-Jul/E-Aug. There were no differences (P ≥ 0.58) between SL and TOR in forage DIP (% of OM) at any of the remaining time points. There was a sampling period × grazing treatment interaction (P = 0.04) for forage UIP (% of OM). Forage UIP (% of OM) was less (P ≤ 0.10) in L-Aug and M-Sep in masticate samples of steers grazing TOR compared with SL. The DIP and UIP (% of CP) had sampling period × grazing treatment interactions (P = 0.03). Degradable intake protein made up a greater (P = 0.05) portion of the CP found in masticates from SL in L-Jul/E-Aug, whereas DIP was greater (P = 0.08) in TOR masticates in L-Aug. Undegradable intake protein and DIP were similar among grazing treatments (P = 0.20) later in the season. Johnson et al. (1998) and Cline et al. (2009) reported that UIP increased with advancing season in western North Dakota under season-long grazing. Degradable intake protein supply tended (P = 0.11) to have a sampling period × grazing treatment interaction; however, there were no treatment effects (P = 0.78). Degradable intake protein supply decreased (P = 0.01) from 413.0 g/d in L-Jul/E-Aug to 226.3 g/d in M-Sep. Undegradable intake protein had no sampling period × grazing treatment interactions (P = 0.17), treatment effects (P = 0.76), or period effects (P = 0.54).
Conclusions
These data suggest that intake and forage quality decline with advancing season on SL and TOR treatments. Grazed forage N content and ruminal microbial efficiency were greater on SL compared with TOR, indicating that grazing treatment can potentially affect N metabolism in grazing steers, but not always in the direction that would intuitively be predicted. Intake of grazed forage N (g/d) and OM (g/kg of steer BW) were not altered by treatment and declined with advancing season. In addition, DIP and UIP intakes (g/d) were not affected by grazing treatment, and DIP intake declined with advancing season. Other aspects of nutrient supply and metabolism were generally similar between SL and TOR management systems in this study. Independent of grazing treatment, producers should be concerned with forage intake and forage quality late in the grazing season. Regarding protein supplementation strategies, DIP may be first limiting on SL and TOR grazing management systems and supplementation may be beneficial, especially later in the grazing season.
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